The genus Nocardia belongs to the family Nocardiaceae, a member of the suborder Corynebacterineae, proposed by Stackebrandt et al. (1997) , and members of the genus form extensively branched, substrate hyphae that fragment into rod-shaped, non-motile elements; aerial hyphae are usually formed but are sometimes only visible microscopically (Goodfellow & Lechevalier, 1989; Gordon & Mihm, 1957 , 1962 . Nocardiae are also characterized by a number of chemical markers, including the presence of meso-diaminopimelic acid in the whole peptidoglycan, arabinose and galactose as the characteristic sugars, mycolic acids with 40-60 carbon atoms and genomic DNA G+C contents of 64 to 72 mol%. The application of chemotaxonomic and molecular systematic methods has promoted a fundamental reassessment of the genus Nocardia (Trevisan, 1889; Lechevalier, 1976; Goodfellow, 1998) . Much of the emphasis in nocardial systematics has focussed on the causal agents of actinomycetoma and nocardiosis (Goodfellow, 1992 (Goodfellow, , 1998 McNeil & Brown, 1994) , although it is evident that nocardiae are common in natural habitats, notably soil (Orchard et al., 1977; Orchard, 1979 Orchard, , 1981 Wang et al., 1999; Maldonado et al., 2000) . It is important to establish the species richness of Nocardia in natural habitats for ecological reasons and for industrial purposes, as novel members of the genus may be a source of commercially significant bioactive compounds such as nocardicin, tubelactomisin A and brasilicardin A (Aoki et al., 1976; Komaki et al., 1999; Igarashi et al., 2000) . During the course of a screening programme designed to isolate novel actinomycetes from soil, two Nocardia-like strains, designated A2012
T and A2019 T were isolated and tentatively assigned to the genus Nocardia (Saintpierre, 2001) . The aim of the present study was to establish the taxonomic position of the organisms; results indicate that the strains represent two novel species.
Strains A2012
T and A2019 T were isolated from a suspension of an arid soil that was used to inoculate Gauze medium no. 2 (Gauze et al., 1957) supplemented with cycloheximide (50 mg ml 21 ), nystatin (50 mg ml 21 ), nalidixic acid (10 mg ml
21
) and novobiocin (10 mg ml
) and incubated at 28 u C for 14 days. Soil samples were collected in the village of Sinankoy, in Edirne, Turkey. The isolates were purified and maintained on modified Bennett's agar (MBA; Jones, 1949) and preserved as a suspension of mycelial fragments in glycerol (20 %, w/v) at 220 u C. T were studied after incubation for 14 days at 28 u C on various media described by Shirling & Gottlieb (1966) : yeast extract-malt extract agar (ISP 2), oatmeal agar (ISP 3), inorganic salt-starch agar (ISP 4), glycerol-asparagine agar (ISP 5), peptone-yeast extract-iron agar (ISP 6), tyrosine agar (ISP 7), MBA (Jones, 1949) and nutrient agar (NA; Difco). Growth was tested at various temperatures (4, 10, 20, 25, 28, 30, 37 and 45 u C), pH values (4, 5, 6, 7, 8, 9, 10 and 11) and NaCl concentrations (1-5 %, w/v) using ISP 2 as the basal medium. Gram staining was examined by using Hucker's method (Gerhardt, 1981) . Acid-alcohol-fastness was examined by using Ziehl-Neelsen method (Gordon, 1967) . Colony morphology and micromorphological properties of isolates A2012
T and A2019
T were determined by examination of gold-coated dehydrated specimens of 14 day cultures from ISP 2 medium (Fig. S1 , available in IJSEM Online) using a Cambridge Stereoscan 240 instrument. The test strains were examined for a range of phenotypic properties using well-established procedures (Gordon et al., 1974; Williams et al., 1983; Isik et al., 1999) .
Preparation of genomic DNA and PCR amplification of the 16S rRNA gene were carried out following Chun & Goodfellow (1995) . Nearly complete 16S rRNA gene sequences were determined for strains A2012 T (1469 bp) and A2019
T (1482 bp) by using an ABI PRISM 3730XL automatic sequencer. The identification of phylogenetic neighbours and the calculation of pairwise 16S rRNA gene sequence similarities were achieved using the EzTaxon server (http://www.eztaxon.org/; Chun et al., 2007) . CLUSTAL W version 1.8 (Thompson et al., 1994) was used to align the sequences of strains A2012
T and A2019 T with those of related taxa retrieved from public databases. Phylogenetic trees were inferred using the neighbourjoining (Saitou & Nei, 1987) and maximum-parsimony (Fitch, 1971) tree-making algorithms from the program MEGA version 3 (Kumar et al., 2004) , and the maximumlikelihood method (Felsenstein, 1981) from the PHYLIP suite of programs (Felsenstein, 1993) . The evolutionary distance model of Jukes & Cantor (1969) was used to generate evolutionary distance matrices for the neighbour-joining algorithm. Topologies of the resultant trees were evaluated in a bootstrap analysis (Felsenstein, 1985) based on 1000 resamplings of the neighbour-joining dataset using the CONSENSE and SEQBOOT options from the PHYLIP package.
DNA-DNA relatedness values between strain A2012
T and related type species of N. caishijiensis DSM 44831 T , and between strain A2019 T and N. mexicana DSM 44952 T were performed by the Identification Service at the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ, Braunschweig, Germany). DNA was isolated using a French pressure cell (Thermo Spectronic) and was purified by chromatography on hydroxyapatite as described by Cashion et al. (1977) . DNA-DNA hybridization was carried out as described by De Ley et al. (1970) [incorporating the modifications described by Huß et al. (1983) ] using a model Cary 100 Bio UV/VIS-spectrophotometer equipped with a Peltier-thermostatted 666 multicell changer and a temperature controller with in situ temperature probe (Varian).
Freeze-dried cells used for chemotaxonomic analyses were obtained from cultures grown in glucose-yeast extract-malt extract (GYM) broth on a rotary shaker at 160 r.p.m. at 28 u C for 14 days, checked for purity, harvested by centrifugation and stored at room temperature until required. The isomers of diaminopimelic acid in the cell wall and whole cell-wall sugars were determined by the method of Staneck & Roberts (1974) . Isoprenoid quinones were extracted by the method of Collins et al. (1977) and were analysed by HPLC (Wu et al., 1989) . Mycolic acids were prepared according to the methods of Minnikin et al. (1980) . Fatty acids were determined from cells grown for 5 days in trypticase soy broth (TSB) at 28 uC with shaking at 150 r.p.m. After 5 days of incubation, 5 ml starter culture was inoculated into 50 ml TSB. The inoculated flask was incubated as before for 5 days. After harvesting by cellulose membrane filtration (0.45 mm), wet cells (200 mg) were placed in an extraction tube. Cellular fatty acids were extracted, derivatized to their fatty acid methyl esters and separated by the Microbial Identification System (MIDI; Microbial ID Inc.), utilizing an Agilent Technologies 6890N GC with a G2614A autosampler and a 6783 injector (Sasser, 1990; Kämpfer & Kroppenstedt, 1996) . Fatty acid methyl ester peaks were analysed using software version TSBA 5.0.
The DNA G+C contents of strains A2012 T and A2019 T were determined following the procedure developed by Gonzalez & Saiz-Jimenez (2005) .
Strains A2012 T and A2019 T , isolated from arid soil, grew well on various inorganic or organic media; vegetative and aerial mycelium grew well on the media tested. Table 1 shows the degree of growth and colour of both aerial and vegetative hyphae of isolates and members of the most closely related species.
The chemotaxonomic and morphological characteristics of the two isolates were consistent with their assignment to the genus Nocardia (Goodfellow, 1998; Goodfellow et al., 1999) . Both strains contained galactose and arabinose as characteristic whole sugars plus glucose, mannose and ribose, in addition to meso-diaminopimelic acid as the dominant cell-wall diamino acid (chemotype IV sensu Lechevalier & Lechevalier, 1980) . The predominant menaquinone of strains A2012 T and A2019 T was MK-8(H 4 v-cycl) (60 and 80 %, respectively), although substantial amounts of MK-9 (25 and 7.0 %, respectively), an unknown component (8.0 %) and traces of other menaquinones were present (Figs S2 and S3, available in IJSEM Online). The mycolic acid chain-length ranged from C 48 to C 58 for strain A2012
T and from C 54 to C 62 for strain A2019
T (Table S1 , available in IJSEM Online). The fatty acid patterns of strains A2012
T and A2019 T were composed of straight-chain saturated and unsaturated fatty acids plus tuberculostearic acid (10-methyl octadecanoic acid) (Table S2 , available in IJSEM Online) although there are qualitative and quantitative differences between the strains.
The genomic DNA G+C contents of strains A2012
T were 70.6 and 69.5 mol%, respectively.
Comparison of the almost-complete 16S rRNA gene sequences of isolates A2012 T and A2019 T with corresponding sequences from representatives of genera in the suborder Corynebacterineae, with the exception of position 600-638 (U : G) for strain A2019 T , 843 (U) for strains A2012
T and A2019 T and 1008-1021 (A : U) for strain A2012 T according to the Escherichia coli numbering system, revealed the presence of signature nucleotides (Table S3 , available in IJSEM Online) that are characteristic for members of the family Nocardiaceae (Stackebrandt et al., 1997) and the genus Nocardia (Chun & Goodfellow, 1995) . and Nocardia cyriacigeorgica DSM 44484 T were 98.6 % (20 nt differences at 1426), 97.9 % (30 nt differences at 1442), 97.9 % (31 nt differences at 1469), 97.8 % (31 nt differences at 1455), 97.8 % (32 nt differences at 1455), 97.8 % (32 nt differences at 1455), 97.5 % (36 nt differences at 1460), 97.5 % (36 nt differences at 1430) and 97.5 % (37 nt differences at 1457), respectively.
Strain A2019
T was most closely related to N. T , respectively, in the Nocardia 16S rRNA gene tree ( Fig. 1; Figs S4 and S5, available in IJSEM Online). This was supported by all four tree-making algorithms and by a 100 % bootstrap value.
The taxonomic integrity of the test strains was supported by DNA relatedness data. Strain A2012 T showed a DNA relatedness value of 15.4 % to N. caishijiensis DSM 44831 T , whereas strain A2019 T showed a DNA relatedness value 27.2 % to N. mexicana DSM 44952 T . On the other hand, the DNA relatedness value between A2012 T and A2019
T was 22.6 %. The phenotypic properties of these two strains also clearly distinguished them from each other and from the most closely related members of the genus Nocardia (Table 2) .
It is evident from the genotypic and phenotypic data that isolates A2012 T and A2019 T represent two novel species within the genus Nocardia. It is, therefore, proposed that these organisms be classified in this taxon as Nocardia goodfellowii sp. nov. and Nocardia thraciensis sp. nov.
Description of Nocardia goodfellowii sp. nov.
Nocardia goodfellowii (good.fel.low9i.i. N.L. gen. masc. n. goodfellowii of Goodfellow, named in honour of Michael Goodfellow for his contributions to Nocardia systematics).
Aerobic, Gram-positive, weakly acid-alcohol-fast and nonmotile actinomycete that forms white or yellow to brown Nocardia thraciensis (thra.ci.en9sis. N.L. fem. adj. thraciensis from Thrace, the European region of Turkey, the source of the organism).
Aerobic, Gram-positive, partially acid-alcohol-fast, nonmotile actinomycete that forms white aerial mycelium on ISP 3, ISP 4, ISP 5, ISP 6, Czapek's and TSA media, yellow to brown substrate mycelium depending on the culture medium that fragments into rod-shaped elements, and orange-yellow to strong brown soluble pigments produced on ISP 6, ISP 7, TSA and MBA media. Growth occurs at pH 6.0-9.0 and 20-37 u C but not at The type strain, A2019
T (5DSM 45517 T 5NRRL B-24834 T 5KCTC 19985 T ), was isolated from arid soil in Sinankoy, Lalapasa, Edirne, Turkey. The genomic DNA G+C content of the type strain is 69.5 mol%.
